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ABSTRACT 


The  School  of  Engineering  and  Architecture  at  Tuskegee  University  ranks  among  the  largest 
producers  of  talented  and  well  rounded  Afiican- American  engineers  in  the  country.  The  school 
has  distinguished  itself  as  a  leader  in  offering  innovative  recruitment  and  retention  programs  for 
high  school  students  in  the  region  and  in  the  nation. 

This  report  described  several  infrastructure  development  projects  implemented  within  the  School 
of  Engineering  and  Architecture.  The  major  objectives  were  to  motivate  and  prepare  students  and 
teachers  at  the  pre-college  level,  to  strengthen  the  quality  of  engineering  education  at  the  college 
level  and  to  produce  high  caliber  graduates  who  would  pursue  graduate  studies. 

Under  the  pre-college  category,  we  strengthened  and  expanded  the  already  established  programs 
for  9*^  through  12th  graders  and  reinforced  linkages  with  selected  middle  schools  of  Alabama. 

In  the  college  component  we  in:q)lemented  iimovative  freshmen  level  course  modules  to  be 
delivered  through  the  use  of  modem  multimedia  technologies  and  reinforced  students' 
preparation  with  the  help  of  a  conq)rehensive  learning  resources  center.  This  approach 
substantially  increased  not  only  the  retention  rate  but  also  the  quality  of  the  graduates  produced. 

The  third  major  con^onent  of  the  grant  addressed  issues  dealing  with  the  graduate  school 
pipeline.  We  identified  potential  graduate  students  early  in  their  undergraduate  years  ^d 
involved  them  in  research  and  provide  them  with  adequate  preparation  for  graduate  studies. 
Financial  support  in  the  form  of  fellowship  was  also  to  provided  fellowships  for  African- 
American  graduate  students  at  the  master’s  level. 


1.  INTRODUCTION 


Several  recent  studies  have  predicted  an  acute  shortage  of  properly  trained  manpower  in  the 
fields  of  science  and  engineering  in  the  next  decade.  This  is  due  to  the  fact  that  the  relative 
number  of  high  school  students  who  elect  studies  in  science  and  mathematics  courses,  which 
prepare  them  for  science  and  engineering  studies  at  the  college  level,  is  decreasing.  The  net 
result  of  this  situation  is  that  fewer  students  are  entering  and  graduating  in  science  and 
engineering  at  the  coUege  level  and  even  fewer  are  going  on  to  graduate  studies.  Moreover,  due 
to  changes  in  demographics,  it  is  clear  that  an  increasing  number  of  women  and  minority 
students  need  to  be  attracted  to  these  programs  to  maintain  the  desired  manpower  level  in  the 
engineering  profession. 

The  educational  institutions  in  the  United  States  face  a  major  challenge  of  preparing  the  future 
scientists  and  engineers.  Recognizing  this,  the  engineering  school  at  Tuskegee  University  has 
been  involved  in  infrastructure  development  programs  designed  to  ensure  that  an  adequate 
supply  of  qualified  minority  and  women  technical  manpower  is  available.  The  curriculum 
development  in  engineering  at  Tuskegee  University  was  supported  by  the  National  Science 
Foimdation  (NSF)  over  a  five-year  period  through  the  National  Engineering  Education  Coalition 
program.  The  coalition  was  a  consortium  of  eight  universities,  which  included  Cornell,  Stanford 
and  University  of  California  at  Berkeley.  The  development  of  the  other  aspects  of  the 
infrastructure  at  the  engineering  school  has  been  going  on  for  some  time  through  a  wide  range  of 
activities,  albeit  on  an  ad  hoc  basis  as  and  when  the  funds  could  be  raised  for  the  individual 
programs. 

The  grant  from  the  Army  Research  OjSice  provided  substantial  and  sustained  funding  over  five 
years,  so  that  the  entire  spectrum  of  the  infrastructure  development  programs  could  be 
implemented  simuhaneously  and  their  effect  on  the  students  could  be  fully  assessed.  The  major 
objectives  of  the  grants  were  to  motivate  and  prepare  students  and  teachers  at  the  pre-college 
level,  to  strengthen  the  quality  of  engineering  education  at  the  college  level  and  to  produce  high 
caliber  graduates  some  of  who  could  pursue  graduate  studies.  These  objectives  were 
accomplished  by: 

•  Stimulating  the  interest  of  minority  students  in  science  and  mathematics  while  they  were 
at  the  middle  and  high  school  levels. 

•  Strengthening  the  capabilities  of  teachers  of  minority  students  in  science  and 
mathematics  at  the  middle  and  high  school  levels. 

•  Inq)roving  undergraduate  educational  experiences  of  students  of  engineering  by 
delivering  quality  education,  thus  enhancing  stiident  interest  and  understanding. 

•  Providing  research  experiences  for  undergraduate  students,  which  encouraged  the  pursuit 
of  graduate  degrees. 

•  Providing  financial  support  for  graduate  studies. 

•  Establishing  an  alliance  among  selected  school  systems  and  universities,  secure  further 
support  for  the  infrastructure  development  programs. 
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Tuskegee  University's  strategic  plan  includes  strengthening  the  engineering  infrastructure 
to  substantially  increase  enrollment  in  engineering  disciplines  and  the  number  of  graduates 
pursuing  advanced  degrees  The  objectives  of  the  grant  therefore  were  consistent  with  those  of 
the  University. 


2.  PROGRAM  IMPLEMENTATION 

The  infrastructure  development  program  proposed  to  ARO  was  divided  into  three  components  as 
shown  in  Fig.  1.  The  conqwnents  were:  1)  Pre-College  Programs,  2)  Enrichment  and  Retention 
and  3)  Graduate  School  Pipeline.  The  pre-college  programs  involve  education  and  training 
activities  for  students  in  middle  and  high  schools  so  that  they  could  be  better  prepared 
academically  to  enter  the  science  and  engineering  disciplines.  While  these  students  are  in  the 
engineering  school,  they  must  receive  not  only  quality  education  but  also  the  appropriate  support 
services.  This  was  accon^lished  by  the  enrichment  and  retention  conq)onents.  Finally,  the 
graduate  school  pipeline  conqxjnents  were  designed  to  provide  information,  encourage  students 
and  provide  financial  support  to  move  on  to  graduate  studies  at  the  master's  and  doctoral  levels. 
Det^  of  the  activities  carried  imder  the  infrastructure  development  are  presented  in  this  section. 

A.  Pre-College  Programs 

The  Pre-College  Program  supported  by  the  DoD  grant  are  shown  in  figure  2. 

1.  Summer  Enrichment  Program  for  5th-8th  grade:  This  program  offered  enrichment 
courses  in  mathematics,  science  and  con^)uter  usage  to  selected  students  of  grades  5 
through  8.  The  duration  of  the  program  was  four  weeks.  The  classes  were  of  3-hour 
duration  per  day  (1  hour  in  mathematics,  1  hour  in  computer  usage  and  1  hour  in 
science).  There  were  20  students  per  grade.  This  program  was  resident  at  the  respective 
school  systems  and  regular  school  teachers  were  involved  in  teaching.  The  school 
systems  provide  classrooms,  computers  and  supervision.  The  program  was  offered  in 
ttoee  school  systems  in  Alabama;  Tuskegee  Institute  High,  Tuskegee,  AL,  Opelika  High, 
Opelika,  AL  and  Parker  High,  Birmingham,  AL,  240  students  were  affected  by  this 
program  each  year. 

2.  Pre-Freshman  Enrichment  I&n  (PREP  I  &  II):  This  program  was  offered  for  students 
of  two  local  high  schools  who  convicted  the  9*'’  and  10*  grades,  respectively.  Instruction 
in  mathematics,  biology,  chemistry,  physics  and  engineering  graphics  was  provided  to  the 
students.  Engineering  grq>hics  was  taught  to  the  students  of  PREP  I  and  conqjirter 
programming  taught  to  the  students  of  PREP  11  program.  Laboratory  sessions  were 
designed  to  provide  students  with  ejqperience  in  e;q)erimentation,  report  writing  and 
problem  solving.  The  lectures  were  delivered  by  Tuskegee  University  faculty.  The 
students  also  attended  weekly  guest  lectures  delivered  by  Tuskegee  University  alumm. 

3.  Saturday  Academy:  This  program  was  offered  for  9th  to  12th  grade  students  attending 
local  high  schools.  Classroom  type  sessions  were  held  for  120  students  on  the  Tuskegee 
University  campus  on  Saturdays  (9  am  to  12  pm)  throughout  the  year  when  the  schools 
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Infrastructure 


Fig.  1.  Major  Infrasturcture  Components 
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Fig.2.  Pre-College  Programs 


were  in  session.  This  program  was  designed  to  help  students  with  their  preparation  in 
science  and  mathematics  courses  so  that  they  could  qualify  for  admission  in  science  and 
engineering  curricula  at  the  college  level.  The  materials  provided  in  these  sessions  were 
prepared  and  delivered  by  the  faculty  of  chemistry,  engineering,  mathematics  and  physics 
in  consultation  with  their  counterparts  in  the  high  schools.  In  addition,  tutorial  services 
were  provided  in  the  afternoons  (Monday  through  Friday,  3  pm  to  6  pm)  for  students  who 
need  assistance. 

4.  Freshman  Accelerated  Start-up  and  Training  for  Retention  in  the  Engineering 
Curricula  (FASTREC);  Students  completing  their  senior  year  in  high  school  were 
invited  to  attend  this  program.  It  was  an  8  week  summer  program  offered  at  Tuskegee 
University  for  high  school  graduates  who  were  about  to  enter  college.  FASTREC  has 
become  one  of  the  most  effective  means  of  identifying  and  recruiting  minority  students  to 
study  engineering  at  Tuskegee  University.  The  selection  of  students  for  this  program  was 
based  on  their  SAT  or  ACT  scores,  high  school  grade  point  average,  rank  in  class,  and 
recommendation  of  school  officials.  Students  pursued  an  intensive  program  of  study  in 
freshman  orientation,  one  course  in  mathematics  and  one  course  in  engineering  graphics, 
enmpiiter  programming  or  environmental  science.  Up  to  seven  semester  credit  hours  were 
awarded  toward  the  BS  degree  in  engineering.  The  students  also  attended  guest  lectures, 
seminars  and  field  trips. 

5.  Summer  Institute  for  Teachers:  In  this  program,  20  teachers  of  science  and 
mathematics  were  invited  to  Tuskegee  University  for  one  week  to  acquaint  them  with  the 
engineering  profession.  The  program  covered  lectures  and  demonstrations  in  topics 
covering  science,  mathematics  and  engineering,  hands-on  e3q)erience  in  the  use  of 
conqjuters  for  classroom  delivery  and  a  trip  to  a  modem  engineerii^  manufacturing 
facility. 

B.  Enrichment  and  Retention: 

The  enrichment  and  retention  program  was  conqwsed  of  the  following: 

1)  Freshmen  Design  and  Laboratory  Ejiperience 

2)  Courseware  Preparation  Studio  and  Delivery  System 

3)  Learning  Resources  Center 

4)  Research  Experience  for  Undergraduates 

These  are  shown  in  Fig.  3.  The  engineering  school  was  already  involved  in  a  small  way  with  the 
freshmen  design  experience  and  courseware  preparation  studio  and  delivery  system  through  its 
participation  in  the  Engineering  Education  Coalition  and  Research  Experience  for 
Undergraduates  with  support  fi'omNSF.  We  e)q>anded  these  programs  and  established  a  learning 
resources  center  to  increase  the  student  retention  rate. 

1 .  Freshmen  Design  and  Laboratory  Experience:  Most  of  the  fi-eshmen  find  the  first  year  of 
the  engineering  program  very  difficult  and  the  curricula  unattractive  as  they  are  required  to  take 
courses  heavily  oriented  towards  liberal  arts,  mathematics  and  science.  To  counteract  this,  we 
developed  several  highly  innovative  and  challenging  fi-eshmen  design  and  laboratory  modules 
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Fig.3.  Enrichment  and  Retention  Components 
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for  each  of  oiff  four 

laboratory  ejqierience  to  the  studei^.  Tte  ^,rir>g  tjje  fieshmen  year.  The  design 

to  interart  vrfOi  the  fecuhy  fo»m  which  ilhwated 

modules  included  simple  design  proble^  _*rt,ftiv  nroblem  idraitifioatioii,  fonniolation  of  ideas 
the  concepts  behind  the  de^o  A  freshman  level  environmental  sciences 

and  solution  end  analysis  and  execution  ,  ^  V  laboratory  experience  early  in  their 

laboratoiy  was  also  developed  for  a*maior  area  of  study  and  it  is  relevant  to  all  fields  of 

.bl.  «  n«t  tt*  *»bce  etectivb  r.,ab«b». 

of  their  respective  cmriculft- 

2.  Connwm  a  technologies  suitable  for  classroom 

ftigipefei'inR  curricula  siutabte  for  oeiivety  us^  — „it,*nb*dia.  technologies,  databases 

and  conmniter  networking,  very  httic  uaon^  ^  d«liverv  of  the  course  material. 

preparatfon  studio  and  acquisition  of  the  development  of  a  courseware 

Therefore  idevaut  muftimedifl  technoloffl^  acquired.  With  these  in  place, 

Sty 

3.  Learning  R-urc.J^^ 

high-  To  reduce  the  drop-out  r^e,  Tuskegw  i^gjj  providing  tutorial  and 

where  studerts’  progress  could  be  monitored  ^  encompass  two 

counseling  support.  The  students'  progress  is  monitored  from  the  time 

con:¥>leiiientery  flmrtions:  1)  a  staff  fo^  -rtiierted  and  equated  and  2)  a  leamiag  function 
the/enter  as  freshmen  and  mtertion  drta  Ldular  cumcular 

^  ^  v«rb  P»vidbd  per  year  and 

tutorial  assistance.  The  leaning  resources  center  is  accessible  to  the 
students  throughout  the  day  and  well  into  the  late  evening. 

4.  R»«ird.  Kxp.m.«  fcr  Unde«nri«ata;  Ow  the  Iff  five  yeei^ 

have  heen  asKjbiated  vfith  reseat*  program.  The  resear*  eapen^ 

Lurai  to  he  e«remely  ^ 

school  In  these  programs  the  studMts  ^  stodent  is  paired  with  one 

While  participating  in  die  research  ertivities.  each  Research  course, 

graduate  student.  Hio  students  were  also  required  to  enroU  m  a  3-OTemt  tom  ^ 

SSh  was  counted  as  a  technical  elective.  An  oral  presentation  of  the  research  worK  qun 
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to  obtain  a  passing  grade  in  the 
jnchiding  ten  inore  students. 


course.  In  view  of  the  success  of  the  program,  we 


expanded  it  by 


C.  Graduate  School  Pipeline 


^  «hool  pipeli^  divided  *.do»i.,  d™. 


are: 


1)  Pr^aration  fbr  Graduate  School 

2)  M.S.  Program 

prS^rams  to  ke^  the  feculty  abreast  of  changes  m  techno  gy. 

2.  M.  S.  Pwenim;  Tte  d°.dpo»rt 

minority  students  to  study  at  Ae  currentlv  suopoit  approximately  40  students 

and  Electrical  Enginfieniig  Eoeineering  Department  is 

through  basic  budget  and  a  ML  S  program.  Financial  support  ter  10 

oritical  eleuient  in  the  minlitv  education  to  thait  students.  Hence,  we 

providing  study  and  research  siqjport  to  selected  faculty. 

5.  management  and  technical  team 

Dr.  Shaik  Jeelani,  Who  was  ^  ^tdmi^^on  tte  teMamb  projea^’tfc  was 
Architecture,  was  re^o^He  for  submissiou  of  aU  reports,  subjert  to 

specifically  f  and  (2)  monitoring  of  grant  activittes 

foltowing: 

1  Dt  wmimI«ter-Ptovoa.Tusl»g«Ulih«rrity(Ch(d^^ 

7  S:  oilieWiffiM«ion-DemofArtsariSdaK»*,T»dxBMU^ 


8 


♦V. 


TQTPIL  P.03 


3  Dr  Walter  Hill  -Dean  of  Agriculture  and  Home  Economics,  T^kegee  University 

4  S:  -Associate  Dean  of  Engineering.  Stanford  Umverstty 

6  ^  Gr^t^^i“Dir“S»e  University  Aitnnni: 

7.  m  G^y  w”e  Director,  Naval  Air  Warfee  Sy^em(  Co-Chanperson) 

8  Mr  Aaron  Henderson -Southern  Bell 

9.  Mrs.  Amanda  Harris  -NASA  Branch  Chief,  Quality  Assurance 

10  Mr.  Tony  Draper -Hughes  Aircraft  Conqiany 

STa^  ^S  here.  He  vL  assiaed  inthiserfeavorby  an  Assistant  Director  of  Recnutment 
who  was  supported  by  several  graduate  and  undergraduate  students. 

Tire  Enricta^  atai  R«e«io^  J-X 

^rT^  ^SrfeeK  also  directed  Tnsitegee  Universit/s  pn-jects  in  the  National 
Er^ineering  Education  Coalition. 

The  projects  under  the  Graduate  School  Pipeline  Program  was  dir^  by  Dr.  Jennie  Patrick,  3M 
Fmioent  Scholar  and  Professor,  Chemical  Engineering  Department. 

The  detailed  budget  and  logistics  of  the  project  on  a  day-to-day  te  were  handled  by 
Dr.  J.  Krishnagopalan,  Associate  Professor  of  Chemical  Engmeermg. 

•  1  v»x7  rvr  A  S  Rao  who  is  the*  Director  of  the  Office  of 

of  the  project  and  analyze  the  data. 
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